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Abstract 
The frequency of market launches of new products increases constantly due to ever shorter product life cycles. This leads to an inevitable rising 
number of production ramp-up processes. During the ramp-up insufficient process capabilities of the deployed production technologies is one 
of the main reasons for disturbances. This publication reviews existing approaches with regard to their ability to support the technology 
selection during ramp-up with a particular focus on process capability. Further, a new selection criterion is introduced as “technology 
capability” which is defined as the estimated capability of a production technology in case of a production ramp-up. Afterwards, a decision 
framework is created to select case specifically the most suitable approach for technology selection. Finally, a new approach is presented to 
comprehensively integrate technology know-how into the evaluation and selection process by using scientific models. The approach is 
presented by the example of a hard turning process. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the International Editorial Committee of the "2nd International Conference on Ramp-Up 
Management" in the person of the Conference Chair Prof. Dr. Robert Schmitt. 
Keywords: Production technology evaluation; Production ramp-up; Workpiece features; Process capability; Technology capability 
1. Introduction and Motivation 
Due to the increasing range of products and the 
simultaneously shortening product lifecycles, the ramp-up 
process becomes increasingly important for success of 
companies [1–3]. The importance of ramp-up becomes clear if 
the great impact of production ramp-up delay on the profit of a 
company is considered [4,5]. Subsequently, there is a 
constantly growing demand for new possibilities to optimize 
the production ramp-up and enhance producing companies’ 
competitive advantage. 
One of the principal causes for a production ramp-up delay 
is an insufficient process capability, see Fig. 1 [2,3]. This is 
due to the high occurrence probability of an insufficient 
process capability within the production and its high severity 
[2]. Consequently, the compliance of the required process 
capability is of high importance for a successful production 
ramp-up [4,6]. 
 
Fig. 1 Planning Problems during Ramp-Up [2] 
 
In order to achieve the required process capability and to 
improve the production ramp-up additional selection criteria 
must be taken into account. Besides quality and economic 
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aspects technologies may be selected with respect to their 
achievable process capabilities. 
Therefore, the purpose of the present paper is the 
development of a case specific framework that enables 
technology selection based on the estimated process 
capability. In the state of the art approaches from different 
fields are analyzed regarding their applicability for process 
capability estimation during ramp-up. In the following section, 
a decision framework is created in order to classify ramp-up 
cases with respect to the available information. Finally, initial 
investigations are presented applying technology know-how in 
order to predict process capability of production technologies. 
2. State of the Art 
The state of the art focuses on approaches that deal with 
process capability or show general potential to contribute to a 
new framework for technology selection during ramp-up. This 
chapter is subdivided into three fields: “Quality 
Management”, “Production Engineering” and “Assembly”. In 
the following, approaches within those fields are analyzed 
regarding their ability to support the selection of production 
technologies, the corresponding effort needed, the required 
accuracy in terms of capability as well as the required 
information. Finally, a comparative overview and an outlook 
on future research is given. 
2.1. Quality Management 
Process Capability: 
According to the widely used comprehension in quality 
management the definition of process capability is: A process 
is called capable, if the process is stable likewise controlled 
and within the predefined tolerance ranges [7]. The process 
capability is a measure for the long-term characteristic 
variances, which are caused by all impact factors on the 
production process [8]. The field of application of the process 
capability and the methods of statistical process control are 
usually limited to serial production and require a high 
experimental effort. A preventive technology evaluation and 
selection is not part of these methods [4,9]. On the contrary, 
the requirements regarding the a priori needed information are 
relatively low due to the fact that no historical data or deep 
process understanding is absolutely necessary to determine 
the process capability.  
Statistical Process Control during Ramp-Up: 
In the work of Benz a methodology is presented for 
statistical process control during production ramp-up. The 
methodology comprises an adapted data preparation for 
statistical process control to take the specific conditions of a 
production ramp-up into account, but does neither allow an 
estimation of the process capability for future ramp-up nor a 
support for technology selection. In addition, further 
information is needed, compared to the “classic statistical 
process control”, to enable the proposed data preparation. [10] 
2.2. Production Engineering 
Quality Capability: 
In her work, Lanza presents a simulation based tool to 
support the ramp-up of production processes on the basis of 
the estimated quality capability (QC) and the calculated  
Overall Equipment Effectiveness (OEE). In this context, the 
quality capability of a production process is defined as the 
capability to fulfill the required tolerances of a single quality 
feature by the production process. Therefore, the quality 
capability is modeled by a set of several quality capability 
curves to comprise the time-dependent development along the 
ramp-up process. The characteristic of one quality feature is 
estimated on the basis of empirical data, expert interviews or 
fuzzy sets. Lanza points out that for a better prediction 
accuracy of the quality capability, further research is needed. 
This includes a better and deeper understanding of the so 
called quality relations, which connect the impact factors on 
the production process with the final workpiece 
characteristics. This in consequence, requires to a great extent 
a deep understanding of the considered production 
technologies. [4] 
Risk-Potential Analysis: 
Nau presents an approach to use a risk-potential analysis to 
evaluate and select production technologies for an improved 
production ramp-up. The approach starts with an 
identification and evaluation of risks which can occur from 
the technologies during the production ramp-up. Afterwards, 
potentials of the technologies are identified and a risk-
potential matrix is built from which appropriate technologies 
can be selected. In addition, it is assessed whether the 
technologies are able to meet the targets of the production 
ramp-up and what the critical impact factors may be. On the 
one hand, this approach allows a technology selection during 
a production ramp-up with a comparatively low accuracy and 
no direct relation to process capability. On the other hand, the 
effort required is quite low compared to experimental or 
simulative approaches. [11] 
Databases / Historical Process Data: 
Existing databases or in general historical process data are 
possibly the most precise way to predict the results of 
production technologies. Oltermann, for instance, developed a 
system to predict the workpiece tolerances by using databases. 
The system includes a data selection and storage as well as an 
evaluation. The evaluation of the production technologies 
regarding their process capabilities enables the user to select 
appropriate production technologies. In general, the main 
drawback of databases is the limited transferability of the 
collected data from one application to another. In 
consequence, to build a large database of historical process 
data a considerable effort is needed. However, the achievable 
accuracy of a historical process data prediction is very high. 
Also in the work of Oltermann the system was only applied to 
turning and future research for other technologies is needed. 
In turn, when a comprehensive database exists in the 
company, the effort is comparatively very low. [12] 
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Design of Experiments: 
Design of Experiments (DoE) is a systematic procedure to 
identify interactions between product characteristics and 
process parameters. The purpose of this procedure is to 
develop an experimental strategy which enables a selection of 
only certain test points and a reduction of the needed 
experimental effort. The procedure consists of four steps: 
System analysis, experimental strategy, experiments and 
evaluation. For the system analysis and the definition of the 
test strategy, technology know-how is required to a small 
extent. The DoE could be used in combination with other 
approaches to determine the required relations between 
process parameters and product characteristics and in 
consequence allowing more accurate predictions of the 
process capability or quality capability, e.g. in the case of 
Lanza’s or Nau’s approach. [13] 
2.3. Assembly 
Discrete Migration: 
In the work of Gartzen a methodology is presented that 
allows an optimization of assembly systems due to the 
principle of discrete migration in case of a production ramp-
up. The stepwise migration of manufacturing systems leads to 
a smaller scope of action in each step which enables a faster 
transfer of manufacturing systems from an instable to a stable 
state. Therefore, Gartzen identifies in his methodology 
complexity drivers and complexity enablers from five 
categories: Product, process, network, organization and 
human. This requires technological know-how regarding the 
assembly system as well as information from previous 
production ramp-ups. Due to the development of a three-stage 
key figure system the methodology is able to stabilize and 
control the ramp-up process of assembly systems. The 
approach by Gartzen is limited to assembly systems and 
focuses on the production ramp-up. Even though an 
investigated aspect is the quality capability, an adaption of 
this methodology to production technologies will require 
strong modifications. [14] 
2.4. Summary 
The findings in the state of the art are summarized in 
Fig. 2.  The analysis of the presented approaches has shown 
that there already exist several approaches which could 
support the technology evaluation and selection during 
production ramp-up. However, they differ strongly with 
regard to their accuracy and effort required as well as with 
regard to required technology know-how and historical 
process data. In consequence, a new framework is needed to 
conduct a case specific selection of the required methodology 
for technology evaluation during ramp-up. Firstly, the 
framework must comprise an analysis of the workpiece 
characteristics with respect to the accuracy required and 
secondly must provide a suitable methodology based on the 
available technology know-how and historical process data.  
 
 
Fig. 2 Overview existing approaches 
3. Definition Technology Capability 
The state of the art shows that the classic understanding of 
process capability is limited to series production and requires 
a considerable effort in experimental tests. Therefore, in this 
paper a new definition is introduced for the capability of 
production technologies in the context of production ramp-up:  
The “technology capability” is defined as the a priori 
estimated capability of a production technology to fulfill the 
required product characteristics in order to realize the ramp-
up objectives related to cost, schedule and quantity. 
4. Creating the Decision Framework (DF)  
To support the technology planning during ramp-up a 
decision framework is created based on the findings of the 
state of the art. The decision framework has four dimensions, 
see Fig. 3: Required accuracy, historical process data, 
technology know-how and (low) effort. In the DF, approaches 
are placed that are able to support the technology evaluation 
and selection process during production ramp-up. The 
following subsections comprises a short description of the 
different positions of the approaches in the DF.  
Basically, experiments (Exp.) and DoE require only to a 
small extent technology know-how and historical process data 
compared to other approaches. In consequence, these two 
approaches offer possibilities to estimate the technology 
capability if almost no technology know-how and process 
data are available. The main drawback is the extremely high 
effort needed to conduct the respective experiments. 
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Fig. 3 Decision framework 
 
Historical data stored in databases allow a prediction of 
the technology capability up to a very high accuracy. 
Contrarily, the data could be utilized only in certain 
applications and a transfer to other applications is very 
limited. If a database exists in a company, that includes all 
required data, a precise estimation of technology capability is 
possible. 
The FMEA or the risk-potential analysis according to Nau 
allows an identification of risks caused by the production 
technologies during ramp-up. This in turn allows a very rough 
technology evaluation and selection. The technology 
capability can not be quantified but potential impacts on the 
capability may be determined. Furthermore, accuracy 
regarding the technology capability is comparatively low but 
the information needed and in consequence the effort is also 
very low. 
An approach in between is the simulation based tool 
introduced by Lanza. The approach necessitates historical 
process data and technology know-how to quantify the above-
mentioned quality relations and to predict the quality 
capability. In principle, it is possible to use this approach to 
predict the technology capability but it is limited to the 
accuracy of the quality relations.  
The box in the lower right corner in the decision 
framework depicts that there exists no approach which uses 
available technology know-how in terms of scientific models 
in order to predict the technology capability during production 
ramp-up. Therefore, in chapter 6 initial investigations are 
presented which analyse the suitability of scientific models to 
forecast the technology capability during ramp-up. 
5. Procedure for Positioning in the DF 
To determine the position of a certain ramp-up case in the 
decision space the technology planner has to assess his ramp-
up on the bases of the four dimensions. 
Firstly, for the dimension “required accuracy” the work 
piece features must be analyzed and placed in the dimension. 
According to Trommer a workpiece feature is a form element 
that includes macro geometry, micro geometry, tolerances and 
its functionality [16]. Referring to Roderburg three different 
types of product features may be distinguished [17].  
Therefore, for each feature the required workpiece criteria 
likewise characteristics must be determined. These are, for 
example, the macro geometry, surface geometry and material 
characteristics. In the last step the required accuracy of each 
criterion must be determined. An overview of different types 
of criteria is given by Roderburg in Fig. 4. On the one hand 
nominal scaled features require a low accuracy like whether 
cracks exist in a workpiece or not. On the other hand 
metrically scaled features may have a very high required 
accuracy, e.g. the surface roughness Rz of bearing rings.  
Fig. 4 Overview types of criteria acc. [17] 
 
Secondly, available information in the company regarding 
historical process data must be gathered and analyzed for the 
other two dimensions. In order to collect historical process 
data different sources could be used. These are existing 
databases in the company, available data at short notice from 
research institutes or machine manufacturer.  
The available technology know-how must be analyzed. In 
comparison to data or information, know-how requires an 
understanding of the relations between cause and effect [18]. 
The quality of the available technology know-how can vary 
within a wide range. Starting with impacts on the workpiece 
characteristics without a further quantification of the actual 
results, it ends with analytical models, which allow a 
quantification of the relations between impact factors and 
workpiece characteristics. 
Finally, suitable approaches within the decision framework 
must be compared against each other regarding their needed 
effort, e.g. the required time. The one with the lowest effort 
should be chosen for the prediction of the technology 
capability. 
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6. Prediction based on Technology Know-How 
As pointed out in chapter 4, there exists no approach that 
comprises comprehensively the technology know-how for a 
technology selection during ramp-up. 
Thus, a criterion is required which allows a quantification 
of the technology capability. The complexity understanding of 
Suh is introduced. He defines complexity as “a measure of 
uncertainty”[…]”in achieving a functional requirement”, 
compare Fig. 5 [19]. Transferred to the present problem, the 
smaller the complexity, the higher the technology capability 
is. Consequently, the technology know-how must be used to 
estimate the probability density function of the considered 
workpiece characteristic. 
Fig. 5 Complexity according to Suh [19] 
 
One possibility to use technology know-how for the 
prediction of the technology capability are mathematical 
models. For initial investigations, three different analytical 
models to forecast the surface roughness of hard turning 
processes are compared with the corresponding experimental 
results of the surface roughness Rz. The three models are: 
Model 1 theoretical surface roughness (Rth) [20], model 2 
Brammertz (Rth,B) [21] and model 3 Luderich (Rth,L) [22]. 
ܴ௧௛ ൌ ݎఌ െ ටݎఌଶ െ ௙
మ
ସ                                   (1) 
ܴ௧௛ǡ஻ ൌ  ௙
మ
଼כ௥ഄ ൅
௛೎ೠǡ೘೔೙
ଶ כ ቀͳ ൅
௥ഄכ௛೎ೠǡ೘೔೙
௙మ ቁ   (2)
ܴ௧௛ǡ௅ ൌ  ௙
మ
଼כ௥ഄ ൅
௛೎ೠǡ೘೔೙
ଶ כ ቀͳ ൅
௥ഄכ௛೎ೠǡ೘೔೙
௙మ ቁ ൅ ܲ ௔ܸ௦௬௡ (3)
Experiments are conducted on a serial production machine 
using SAE 52100 and a cutting edge radius of 0.4 mm. As can 
be seen in Fig. 6, the tendencies of all three models are in 
accordance with the experimental results. Especially the 
model by Luderich enables a good prediction of the mean 
values of the two points. This could be explained by the 
considered impact of the “machine spindle”, which was 
approximated based on the findings of Luderich [22]. 
In order to derive the required probability density function 
the effect of further unavoidable impact factors needs to be 
investigated. Three of the five unavoidable impact factors on 
production processes according to Rinne&Mittag (“5 M”) are 
analyzed [23] with regard to the impact on the probability 
density function: 1. Material (SAE 52100 and SAE 5898), 2. 
Cutting edge radius (0.4 and 1.2 mm), 3. Machine (serial and 
research machine), see Fig. 7. The following subsection starts 
with a comparison of the mean values regarding the impact 
factors as well as the analytical models. Afterwards an 
analysis of the standard deviations is conducted. 
The first varied impact factor material leads to small 
differences of the mean values (ΔRz ≈ 0.031 μm), see Fig. 7. 
In addition, the model by Luderich enables a good prediction 
of the mean values. The impact factor method is represented 
by the process parameter rε. For a small cutting edge radius 
the mean value is in good accordance with the predicted 
results of the model by Luderich. In contrast, the larger 
cutting radius leads to a significant differences between the 
experimental results and the calculated results of the model by 
Luderich (ΔRz ≈ 0.161 μm). In consequence, the impact of 
the cutting edge radius is not completely considered and 
requires further research.  
Fig. 6 Results Experimental Tests and Analytical Models 
 
Finally, the results in Fig. 7 show an impact of the factor 
machine on the mean values (Rz ≈ 1 μm). Additional 
impacts must be taken into account due to the fact that the 
machine impact is much higher compared to the findings of 
Luderich [22]. The two impacts “Milieu” and “Man-Power” 
are not part of the conducted experimental tests so far and 
must be investigated in future research. 
Fig. 7 “5 M” Technology Capability 
 
Besides the mean values, the standard deviation must be 
analyzed for a prediction of the probability density function. 
As can been seen in Fig. 7, the experimental tests with 
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SAE 52100 have a significantly higher standard deviation 
compared to SAE 5895. Furthermore, a variation of the 
cutting edge radius from 0.4 mm to 1.2 also leads to an 
increase of the standard deviation from 0.207 to 0.283 μm of 
the experimental results. Further, for the machine impact a 
difference of the standard deviation of the two machines could 
be determined. In consequence, for an accurate prediction of 
the technology capability these effect need to be taken into 
account.  
For a prediction of the standard deviation, the impact of the 
standard deviation of the input factor cutting edge radius was 
investigated. Firstly, the new and unused cutting edge radii of 
several tools are measured with a 3D-Scanner. Afterwards, a 
distribution fitting was conducted to calculate the distribution 
of the cutting edge radius. Finally, the surface roughness is 
calculated with the model by Luderich including the cutting 
edge radius distribution. The result shows that the standard 
deviation of the model by Luderich is 0.0916 μm whereas the 
standard deviation of experiments is 0.27 μm. In 
consequence, the standard deviation of the cutting edge radius 
contributes to the total standard deviation and needs to be 
considered for a prediction of technology capability. 
Contrarily, there are additional impact factors which also 
contribute strongly to the variance of the workpiece 
characteristics und must be determined in future research.  
7. Conclusion 
The purpose of this paper was to develop a new framework 
to select production technologies during ramp-up. Therefore, 
the “technology capability” was introduced. The state of the 
art showed, that several approaches from different fields 
already exist which can contribute to a new framework for the 
technology selection during production ramp-up. The biggest 
problem at this point is that the accuracy of the different 
approaches differs strongly and each approach needs different 
input information. Due to the fact that the required accuracy 
and available information depend on the specific ramp-up 
situation, a decision framework was developed. In addition, a 
procedure was presented for positioning a new ramp-up in the 
decision framework. This enables a selection of a suitable 
approach for an improved technology evaluation in terms of 
the estimated technology capability.  
Furthermore, it could be pointed out that there exists no 
approach that uses detailed technology know-how like 
scientific models for technology selection during ramp-up. 
First experiments were conducted and indicated that these 
models have great potential for a very accurate estimation of 
the technology capability, but future research is indispensable. 
8. Outlook 
Further research is required to enhance the prediction 
quality of the existing approaches. This in particular includes 
additional investigation of the “5 M”, especially “Man-
Power” and “Milieu” and their effects on the technology 
capability. Thus, the evaluation object production technology 
must be viewed as a socio-technical system, which is also 
influenced by its environment. 
Furthermore, it has to be investigated whether a time 
dependent development of the technology capability during 
ramp-up must be taken into account. For example the effect of 
tool wear is not considered so far. 
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